The effects of eight constant temperatures (19-34°C) and a fluctuating temperature (35.5°C/28.5°C) under 14L : 10D photoperiod on the development of the egg parasitoid Eumicrosoma blissae were determined with the oriental chinch bug Cavelerius saccharivorus eggs as a host. E. blissae developed successfully from egg to adult when the parasitized hosts were kept at constant temperatures between 21.0°C and 28.0°C. The rate of adult emergence declined when the temperatures exceeded 31.0°C and no wasps emerged at extremities (19.0°C and 34.0°C). With fluctuating temperature, all wasps emerged successfully. The developmental zero and effective accumulative temperature for development at six moderate constant temperatures were 13.4°C and 256.4 degree-days, respectively. Total potential generations of E. blissae in the summer planting fields of sugarcane through a 1.5-year cultivation period were estimated to be 18 to 19.
INTRODUCTION
Eumicrosoma blissae (Maki) (Hymenoptera: Scelionidae) is a solitary endoparasitoid that attacks the eggs of Cavelerius saccharivorus, which is one of the most important pests of the sugarcane in Taiwan and the Ryukyu islands (subtropical region) of Japan (Azuma, 1977) . This parasitoid was first discovered in Naha, Okinawa Is. in 1920 (Azuma and Oshiro, 1976) . Since then, this species has been introduced into many of the Ryukyu Islands as a biological control agent of C. saccharivorus. E. blissae is considered an important natural enemy of C. saccharivorus (Azuma, 1977) ; however, there have been few reports on its biological characteristics (Azuma and Oshiro, 1976; Sadoyama, 1998) . For successful biological control, it is essential to study in detail the effect of temperature on the development of the parasitoid to evaluate the effectiveness of E. blissae as a natural enemy of C. saccharivorus as well as to understand its population dynamics and phenologies (Jervis and Copland, 1996) .
There are three crop types of the sugarcane in Okinawa, i.e. spring-planted (from February to April) cane, summer-planted (from August to October) cane and ratooned cane. Summer-planted cane takes 1.5 years until harvest in the second winter season after planting. Summer planting is the most important for the cultivation of sugarcane in the Sakishima Islands of Okinawa Prefecture, especially Miyako Island, where it occupies about 95% of the total area of sugarcane fields (Nakamori and Kawamura, 1997) . Summer-planting canes are the most favorable colonizing and breeding sites of C. saccharivorus (Fujisaki, 1993 (Fujisaki, , 2000 . Moreover, eggs of C. saccharivorus are found in sugarcane fields throughout the cultivation period with fluctuating density (Azuma, 1977) ; therefore, knowledge of the potential generations of E. blissae in summer-planting fields is important for the C. saccharivorus biological control effort. Azuma and Oshiro (1976) determined the developmental zero and the thermal constant for E. blissae; however, their estimation only used a three-point (20, 25, 30°C) regression line.
In this study, the developmental zero and the effective heat units from egg to adult emergence of E. blissae were determined, and the number of potential generations required in the summer-planting fields through a 1.5 year cultivation period were estimated.
MATERIALS AND METHODS
Insects. The colony of C. saccharivorus used in this experiment originated from adults and nymphs collected from sugarcane fields at the Okinawa Prefectural Experiment Station, Miyako Branch, on Miyako Island, Japan in April 1998 and were reared on sugarcane leaves at 23.0Ϯ1°C and 14L : 10D (light phase 6:00-20:00).
The stock culture of E. blissae used in this study was started from parasitized C. saccharivorus eggs collected from sugarcane fields at the Miyako Branch in March 1999 and maintained on eggs from a laboratory colony of C. saccharivorus at 28.0Ϯ1°C under 14L : 10D (light phase 6:00-20:00). In E. blissae, only female offspring are usually produced by way of parthenogenesis; however, male progeny are sometimes included, i.e. deuterotokous reproduction (Sadoyama, unpublished data) .
Developmental times at different temperatures. The effect of eight different constant temperature regimes (19, 21, 23, 25, 28, 31, 33 and 34°C) on the developmental rate of E. blissae was tested with C. saccharivorus eggs as the host, under a 14L : 10D photoperiod. These temperature were basically set at intervals of 2 to 3°C to obtain accurate estimates, with the exception of one 1°C interval (33 to 34°C) to determine the lethal temperature at which wasps fail to emerge. The effects of fluctuating temperatures, 35.5/28.5°C (6 : 18 h), was also tested to examine the influence of periodic respite from high temperature on the development. Egg sheets (transparent plastic sheet, 8ϫ20 mm), each containing 20-27 host eggs (Ͻ6 days old), were exposed to one E. blissae female (Ͻ5 hours old) from the stock culture in a glass tube (1.8 cm diameterϫ10 cm long) plugged with a silicon sponge. After 7 hours of exposure at 28Ϯ1°C, eggs were removed and transferred into a rearing container. The rearing container consisted of two plastic cups (80 mm bottom diameterϫ 90 mm (45 mmϫ2) height, Fig. 1 ). The bottom of the upper cup was lined with filter paper which was kept moist by capillary action through contact with water in the bottom cup. The egg mass was kept in this rearing container and incubated under eight constant and one fluctuating temperature regimes. Each temperature treatment was replicated ten times. Emergence of adults was monitored daily, and started one week after the date of host egg exposure. Date of egg-to-adult development time and the number of emerged adult at each temperature was recorded. The rates of adult emergence were calculated to divide the total number of emerged parasitoids by the total number of host eggs that had been parasitized. Because of the transparent host egg cell, the development of egg parasitoids in the host eggs was visible through a binocular microscope, eliminating the need for dissection. These experiments were conducted from April to October 1999.
Meteorological data to estimate the generation number of E. blissae were derived from an automated meteorological data acquisition system (AMeDAS) in Miyakojima city operated by the Japanese Meteorological Agency from 1 Nov. 1997 to 31 Mar. 2000. The number of potential generations of E. blissae was estimated as an example in two summer-planting sugarcane fields (1.5-year cultivation period) planted in Aug. 1997 and 1998 . Most immigration of egg parasitoids occurs in au- tumn and parasitized host eggs are found from the mid-November (Sadoyama, unpublished data) . In both fields, calculations of the generation estimates started on 16 Nov., referring to the example in which the first parasitized host eggs were discovered on this date in young summer-planting fields in 1998. Calculations ended on 31 March because most harvesting of sugarcane has terminated by this date.
Females of E. blissae are proovigenic, i.e. newly emerged wasps are capable of oviposition on the day of emergence without mating; therefore, the date of adult emergence was treated as the start date of the next generation for the generation estimation effort.
RESULTS AND DISCUSSION
The percentage of parasitism and the rate of adult emergence in E. blissae at eight different constant and one fluctuating temperatures are shown in Table 1 (Icuma and Hirose, 1996) and Paratelenomus saccharalis (Takagi and Murakami, 1997) declined at 30.0°C. A deleterious effect of high temperature (above 31°C) on survival was also seen in E. blissae.
In E. blissae, although development was unsuccessful at a constant 34.0°C, 100% of parasitoids successfully emerged as adults when temperatures fluctuated between 35.5 and 28.5°C (6 : 18 h) ( Table 1 ). This result indicates that periodic respite from high temperature extremes improves the development and success of adult emergence (Yeargan, 1983; Jervis and Copland, 1996) . A similar result has been observed in Telenomus podisi in which no wasps emerged at 32.2°C but 98.7% emerged when temperatures fluctuated between 21.1 and 32.2°C (12 : 12 h) (Yeargan, 1980) . The developmental period from egg to adult emergence of E. blissae at each temperature is shown in Table 2 . The developmental periods decrease with increases of temperature from 21°C to 33°C. The relationship between temperature and developmental velocity in E. blissae is shown in Fig. 2 . The regression equation describing the relationship between temperature and developmental velocity for E. blissae using six constant temperatures (21, 23, 25, 28, 31, 33°C) species is 13.4°C. Thus, the thermal constant required for development from egg to adult emergence is estimated to be 256.4 degree-days. Azuma and Oshiro (1976) estimated the developmental zero and thermal constant for E. blissae to be 15.5°C and 235 degree-days respectively. Their estimations were slightly different from those in this study, 2.1°C higher for developmental zero and 21.4 degree-days shorter for the thermal constant. The developmental zero in E. blissae (13.4°C) in this study is slightly higher than those of other scelionid wasps occurring in temperate regions in Japan: P. saccharalis (11.8°C, Takagi and Murakami, 1997), T. triptus (11.5-13.0°C, Icuma and Hirose, 1996) , Trissolcus mitsukurii, Tri. plautiae and Tri. itoi (9.8-12.3°C, Arakawa and Namura, 2002) . E. blissae occurs in subtropical areas such as Taiwan and Okinawa and therefore has less capacity to develop at low temperatures.
Total effective temperatures for 1997 and 1998 summer-planting fields were determined from the data of daily mean temperature based on the meteorological observation value mentioned above. The total effective temperature was calculated to be 5,111.3 degree-days in 1997 summer-planting fields and 4,721.6 degree-days in 1998 summerplanting fields. Thus, the total potential generations of E. blissae in summer planting field during 1.5 years of cultivation were estimated to be 19 for 1997 and 18 for 1998. The percentage of parasitism by E. blissae, fluctuated greatly with seasonal changes, being generally high in spring and autumn, and low in winter and summer (Sadoyama, unpublished data) . Azuma and Oshiro (1976) reported that the percentage of parasitism by E. blissae in summer greatly declined in the fields of Okinawa Island. The decline in parasitism by E. blissae in winter seems to be attributed to delayed development and lower activity because of the low temperature. In summer, high temperature might deleteriously affect the survival and reproduction of adult wasps. In future, the effects of temperature on the life history traits (e.g. fecundity and longevity) and behavior of E. blissae should be investigated. 
